Background: Cost-utility analysis (CUA) is becoming more commonly used in healthcare decision-making. CUA uses the qualityadjusted life-years (QALY) metric, which combines the length of life with the health-related quality of life (HRQoL). Most QALYmeasuring instruments were validated for general populations. For patients with cancer, the perception of their health state is different and may vary by the type of cancer considered. In Quebec, no preference weights for QALY have been developed, neither for the general population nor particular subpopulations.
Introduction
The health outcomes of different interventions are expressed in terms of their impacts on the quality and quantity of life. [1] Many psychometric instruments are available to measure health-related quality of life (HRQoL). Some of these instruments are generic (eg, the short form 36 (SF-36), Sickness Impact Profile, and Nottingham Health Profile), whereas others were specifically developed for cancer populations (eg, the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire C30 (EORTC QLQ-C30), functional assessment of cancer therapygeneral (FACT-G), and functional living index -cancer). These instruments are validated and correlate fairly well with clinical indicators of changes in health status [2] [3] [4] [5] [6] [7] [8] ; however, these instruments do not take into account the relative preferences of individuals for the different dimensions of health that compose these instruments (ie, the weight given to these dimensions does not take into account the patient's preferences). For this reason, these instruments are not appropriate for performing cost-effectiveness analyses that compare the effects of different interventions. [9] Two different interventions for the same health problem can lead to different effects on the various dimensions of HRQoL (eg, pain, anxiety, or functional capacity). [10, 11] Without knowing the individual's preferences for these different dimensions, it is very difficult to determine precisely which treatment really improves the patient's HRQoL. [9] Generic or specific instruments, such as the SF-36 or FACT-G, consider these different dimensions as equivalent, [5, 12] but this is not the case [13] [14] [15] ; therefore, the continued use of these HRQoL measures in cost-effectiveness studies biases the results in favor of certain interventions that affect health dimensions that are over or underestimated in their conversion formula (ie, the mathematical formula that is used to convert the answers given to a questionnaire into a HRQoL score).
In addition, when one intervention is more efficient and costly than another, a health decision-maker wants to know how much benefit he can expect for each monetary unit invested and have a measure of the benefit that can be compared with other health interventions for different health problems. One way to achieve such an appropriate and scientifically valid comparison is to use instruments that take into account individuals' preferences for different health states and standardize them into a common unit of measure. [16] These preferences can be assessed by comparing different health states and asking individuals to make choices. [17] It is within this framework that the concept of the cost-utility analysis (CUA) has been put in place. [18, 19] CUA is said to be utilitarian because it seeks to measure the utility that individuals derive from a particular situation, in this case the utility or the satisfaction of living in a given health state. To measure the health effects of an intervention, the CUA uses quality-adjusted lifeyears (QALY), which combines the quantity of life with the HRQoL into a single score. [18, 20] This combination makes it possible to compare different treatments and health problems in terms of the cost per QALY gained as a result of the interventions made. However, no QALY instrument has been developed for cancer patients, particularly non-naive patients, because the QALY was originally developed to measure the health utilities of the general population. [21] It is, however, unlikely that cancer patients place the same weights on the different dimensions of health as the general population. [22] [23] [24] [25] [26] 
Study objectives
The objectives of this project are as follows: 1) to assess the extent of difference in health utilities between the general population and patients with breast or colorectal cancer in Quebec; 2) to develop a preference weights dataset for patients with cancer; 3) to perform "mapping" with different HRQoL questionnaires by correlating the SF-6Dv2 with the EQ-5D-5L, EORTC QLQ-C30, and FACT-G questionnaires.
QALY instrument and extant literature
In this study, we will use the latest version of the SF-6D. This questionnaire has been developed by Brazier et al, [27] [28] [29] and is derived from the SF-36v2. The SF-36v2 is frequently used in clinical research, and therefore our results will be easily exportable. To date, few adaptations have been made to take into account differences in health preferences between populations. In a recent systematic review, we identified 21 articles that used the SF-6D to develop preference weights in different countries. [30] These articles are based on 9 databases collected in 8 different countries (ie, the United Kingdom [UK], Spain, Portugal, Brazil, the United States, Hong Kong [2] , Japan, and Australia). All of these studies were based on the general population. While the study conducted in Portugal [31] indicates few differences from the UK weighting system, those conducted in Hong Kong [32] and Spain [33] show marked differences; these results suggest the existence of cultural differences in health utilities across countries.
To our knowledge, while QALY instruments have been validated for general populations, this has not been the case for subgroups of those populations, which have very different preferences. [22] [23] [24] [25] [26] Indeed, it is unlikely that patients will give the same weights to the different dimensions of health as the general population. [22] [23] [24] [25] [26] This situation is particularly problematic for populations with cancer, because Garau et al [24] indicate that when the QALY is calculated based on the preferences of the general population, the results are relatively insensitive to health state changes, indicating that using the general population's preferences to calculate QALYs may be inappropriate because they cannot understand what it really means to live with cancer. In addition, Holzner et al [34] have shown that, within groups of patients with cancer, the patient's perception of their health state varies according to the type of cancer considered.
In Quebec, no QALY instrument (SF-6D or other) has been adapted to its linguistic and sociocultural context, neither for its general population nor any particular subpopulation; it is therefore important to develop a preference weights dataset specifically for Quebec. Developing such a dataset will allow researchers to use this utility instrument in a scientifically valid way and allow physicians and decision-makers to choose between different possible interventions based on the real preferences of the individuals concerned.
Methods

Study design
This survey is a prospective, longitudinal cohort study. Patient outcomes will be measured twice: within 48 hours before the beginning of the chemotherapy treatment cycle and about 8 days after the start of the chemotherapy. The survey of the general population will be done through an online survey company (random selection), and the data will come from another research project already approved by our institution. The methodology of this part of the survey will not be detailed here, but subjects will respond to the same questionnaires (without the specific modules on cancer), which will allow us to compare the general population's survey responses to those of patients with cancer.
Study population
The target population consists of patients with breast cancer or colorectal cancer. These cancer categories were selected based on the number of new cases per year in Quebec and the potential impact of the type of treatment on the HRQoL; treatments for these cancers are particularly toxic. [5] The inclusion criteria are that the patients are 18 years of age or older; reside in Quebec; have already had a chemotherapy treatment cycle [34] ; be on the eve of a new round of chemotherapy treatment [5, 6] ; and have breast or colorectal cancer. The exclusion criteria are that the patients are over 80 years of age [6] ; are unable to complete an online questionnaire; are unable to read or write in French; are unable to sign a consent form; the only treatment offered is surgery; the presence of metastases to the brain [5] ; or have delirium, psychosis, or severe depression. [5] 
Patient's recruitment
The list of patients' appointments in chemotherapy clinics is available in a computerized system 1 to 3 weeks before their appointment. Prescreening data will allow us to determine each potentially eligible patient. These patients will first be approached by the referring physicians, who will introduce the study and ask them if they agree to be contacted by a research assistant. Among the patients who agreed to be solicited, selections will be made based on the inclusion and exclusion criteria. All eligible patients will be asked to participate. An appointment will be made with the patient to formally explain the project and sign the consent form. After signing the consent form, the patient will complete the first questionnaire of the study.
Data collection
The data will be collected via a self-administered online survey. Each questionnaire has 4 main components: a sociodemographic component, a section with a set of health states to evaluate using choice tasks, a component to determine the level of difficulty experienced during the completion of the questionnaire, and a component with various HRQoL questionnaires. The survey will require about 40 to 60 minutes to complete. The same questionnaire, without the sociodemographic component, will be used in the second round of the survey (ie, 8 days later).
The first questionnaire will be completed on site with a laptop in which the survey will be accessible via an online platform. Each patient will have a personalized code. Completion of the survey in the second round will be done at the patient's home or at the clinic if he/she is hospitalized or does not have access to a laptop. In each case, a phone call will be made the day before by a research assistant to remind the patient to complete the survey.
Medical data will be collected from patients' medical records; this authorization will be obtained at the time of signing the consent form. The main medical variables collected from the patient records will be: cancer site; histopathological classification; stage of progress at diagnosis (I-IV); modality and treatment characteristics (drug, dose, frequency, current cycle); number of treatments already performed; localized or metastatic cancer; adjuvant or palliative; and number of months since diagnosis.
HRQoL questionnaires.
Of the HRQoL questionnaires, 2 are generic (SF-6Dv2 and EQ-5D-5L) and 2 are cancer-specific (EORTC QLQ-C30 and FACT-G). Each specific questionnaire is associated with the module corresponding to the cancer site. [35, 36] The SF-6Dv2 questionnaire uses a standardized health state descriptive system consisting of 6 dimensions. These 6 dimensions are physical functioning, role limitation, social functioning, pain, mental health, and vitality. All the dimensions, except for pain, have 5 levels; pain has 6 levels. [37, 38] Different from the SF6Dv2, the EQ-5D-5L questionnaire descriptive system consists of 5 dimensions (mobility, self-care, usual activities, pain/discomfort, and anxiety/depression) with 5 levels of severity. All the HRQoL questionnaires used in this study are validated in French Canadian. While the SF-6Dv2 and EQ-5D-5L allow the calculation of QALYs, the EORTC QLQ-C30 and FACT-G only provide HRQoL scores.
Health preferences.
Patients will be first introduced to the notion of a choice task by ranking different health states from 1 to 6, where 1 is the best health condition and 6 the worst health condition or death. The health state conditions were created from the 6 dimensions of the SF-6Dv2. To reduce the cognitive effort that respondents will have to provide to perform their choice task and better identify the different dimensions of health in the SF6Dv2, a system of symbols will be used. Figure 1 presents an example of a health state card with the interpretation of dimensions and symbols. Patients will then be randomly assigned to a choice set of health states to elicit their health preferences with a hybrid method using the time-trade-off (TTO) and discrete choice experiment (DCE) methods. [39] 2.5.4. The TTO method. The version of the TTO used in this study is the EuroQol Valuation Technology (EQ-VT). [40] The TTO method evaluates the length of the respondent's lifetime that (Fig. 3) . The lifespan in the perfect health state will then vary according to the individual's responses. This procedure will be repeated for each health state that one wishes to evaluate, and also for the worst possible health state. In total, each respondent will have 9 TTO procedures to perform (ie, 7 intermediate health states, the current health status of the patient as assessed by the SF-6Dv2, and the worst possible health state). The iterative process of respondent choices is described in Fig. 4 , adapted from the study by Oppe et al. [40] Red arrows represent choice A (ie, the perfect health state) and blue ones choice B (ie, the intermediate health state). The possible utility values range from À1 to 1 in 0.05 increments.
2.5.5. The DCE method. The version of the DCE is a simple version of the one used by Norman et al. [41] In this study, each respondent will be presented with two intermediate health states described by the SF-6Dv2 classification (Fig. 5) . The life span in these health states will always be 10 years. Each respondent will then be asked to choose between these 2 intermediate health states (ie, the one in which they would prefer to live). This step The TTO and DCE results will be combined via a hybrid approach, using the method developed by Ramos-Goñi et al. [42] This method will integrate the interval responses from the TTO with the dichotomous responses from the DCE under a common likelihood specification. The hybrid model will maximize a single likelihood function. The model also allows the dichotomous and continuous responses to have different distributions (logistic and normal) and have different independent variables to model the scaling terms. To perform an efficient estimation, the number of pairs to be evaluated must be greater than the number of parameters to be estimated for the DCE. Because we will use 6 health dimensions with 5 or 6 levels each, the minimum number of parameters to be estimated is 26 (ie, 1 + sum of the total effect of dimensions, 5 Â [5 À 1] + [6-1] = 25). For the TTO, there is no minimum number of health conditions to be assessed; however, this is much more dependent on the minimum number of health states suggested during the orthogonal selection procedure, and, in the literature, a minimum of 49 is often noted, [32] with generally about 200 to 300 evaluated health states. [28, 43] To comply with these minimum figures The optimal sample size is more difficult to calculate here because it is not a question of carrying out a simple power test with a pre-established hypothesis, but of ensuring the efficiency of the estimates. Lancsar and Louvière [44] suggest that a number of 20 answers per choice card is sufficient in a DCE to make efficient estimates, whereas Burgess et al [45] indicate that 10 would be sufficient. Considering these indications, a minimum of 15 respondents per choice card is retained in this study. Consequently, a minimum of 105 respondents will be necessary for the DCE in each group of cancer patients (ie, 70 pairs Â 15 respondents/number of random blocks = 70 Â 15/ 10 = 105). The same number of respondents will be required for the TTO.
Data analysis
The collected data will be compiled and filtered in Excel and transferred to the StataSE14 statistical analysis software for estimation and efficiency testing (StataCorp, TX). The preferred estimation model will be the one developed by Ramos-Goñi et al. [42] Various methods, including those used by Brazier et al [28] and Norman et al, [41] will be tested using a random-effects model with or without the interactive term MOST [28] and probit models. [41] The parsimonious model will also be tested. [29] As an indication of the efficiency of estimates, we will calculate the mean absolute error (MAE) and count the number of absolute errors greater than 0.05 and 0.10. The consistency of the results will be assessed by identifying whether the size of the coefficient is growing while the description of the health state moves toward perfect health; the number of inconsistencies will be reported.
To determine the existence of differences in cancer health utilities between groups, subgroup analyses will be performed by multiple regression analyses, covariance analyses, and comparison of the coefficients associated with the different SF-6Dv2 levels when estimates are made in the subgroups.
For the analysis of the SF-6Dv2-associated utilities in relation to the other HRQoL questionnaires, Pearson correlation tests will be performed. Generalized estimating equations (GEE) will also be used to take into account the cluster effect in questionnaire scores for the same person. Bland-Altman graphs will be produced to describe the differences between different HRQoL questionnaires. Also, to carry out the mapping of HRQoLspecific questionnaires associated with their modules (ie, the EORTC QLQ-C30 and FACT-G) with the SF-6Dv2, different regressions will be performed to evaluate the predictive effect of the SF-6Dv2 utilities on the scores obtained for the different dimensions estimated by these specific questionnaires. The model performance will be measured by evaluating the predictive capacity using root mean square error and the MAE and by analyzing the explanatory power via the adjusted R 2 values. Estimates will be computed with ordinary least squares methods using an additive model and the addition of multiplicative variables will be tested. The best models will be retained so that a QALY calculation can be derived from these specific HRQoL questionnaires in the Quebec context.
Ethical and dissemination
The proposed research was reviewed and approved by the Institutional Research Ethics Review Board of our institution. Research participants will be duly informed and written consent will be obtained before the survey. The director of professional services in our institution authorized a prescreening of patients and access to appointment lists to allow us to determine each potentially eligible patient. The survey completion will be done using a personalized code, and no patient name or medical identifier will appear in the database. The key associating the personalized code and sensitive data of patients will be collected in a secure Excel file separately from the database and only the people doing the recruiting will have access to it. All collected paper information will be kept in a locked room. When analyzing the results, respondents will be listed as a group. 
Ethics approval and consent to participate
This study has been reviewed and approved by the Institutional Research Ethics Review Board of the CHUS (2017-1490). All participants will sign a consent form. All participants to recruit will provide their consent for publication.
Discussion
The main objective of this study is to develop a preference weights dataset for QALY congruent with the Quebec linguistic and sociocultural context of patients with cancer and to compare it with a general population dataset (forthcoming study with a similar survey). The development of such a dataset will allow physicians and decision-makers to conduct CUA using utility values adapted to the context of patients with cancer in Quebec, which will, in turn, allow physicians and decision-makers to choose between the different possible interventions based on the real preferences of the individuals concerned. However, this study has some limitations. There may be internal validity bias in considering a risk of a "scope effect" problem for some respondents if they misinterpret certain questions. To avoid this problem, the choice cards will be conscientiously explained during the first round of the survey and help will be provided to complete the first choice tasks. Also, research assistants will explain to respondents the meanings of the different symbols used. Furthermore, to control this bias, we will ask at the end of the survey if the respondent had difficulty answering and if he/she felt irritated or bored by the process. Respondents who indicate that the exercise is too difficult will be excluded from the analysis.
There could also be an external validity bias. Indeed, some subjects could refuse to participate for a variety of personal reasons, and there is a risk that some questionnaires may not be fully completed or in sufficient number. Finally, some respondents may decide to respond quickly to the questionnaire by always selecting the same choices. To avoid this bias, all identical answer sets will be excluded from the analysis.
Conclusions
This study will be the first to allow researchers to develop a preference weights dataset for a QALY instrument in the context of cancer patients in Quebec. This instrument will be better adapted than existing ones because it will allow practitioners to consider the needs and preferences of Quebecers suffering from cancer in the measure of their HRQoL while meeting the requirements of economic theory on resource allocation in the context of competition between different care alternatives and budget constraints. Furthermore, this will be very useful for decision-makers and medical doctors, because it is now advocated to consider both the general population and patient preferences in CUAs. [21] Finally, this start-up work may also initiate similar projects on other pathologies.
